Reagents, standards and samples
Racemic DL-selenomethionine, L-selenomethionine, Lisoleucine and other DL-amino acids used in the study were obtained from Sigma (St. Louis, MO, USA). Stock standards solutions containing 10 mg/L of each compound in Milli-Q water was stored in the dark at 4˚C. Working standards solutions were prepared daily by dilution in Milli-Q water.
β-(3,4-epoxycyclohexyl)ethyltrimethoxy silane (β-ECTS, 98%) and Kromasil silica (mean particle diameter, 5 µm; specific surface area, 340 m 2 g -1 ; mean pore diameter, 10 nm) were purchased from Aldrich and Akzo Nobel (Bohus, Sweden), respectively. Water used throughout this study was purified using a Milli-Q water purification system (Millipore, USA). Other reagents used in this study were of at least analytical grade. The mobile phases as well as the samples were degassed before use.
Pretreatment of silica gel
Twenty grams of silica gel were added to a round-bottom flask containing 200 mL of 20% hydrochloric acid, and the mixture was heated to reflux for 4 h. The treated silica gel was filtered out, washed several times successively with water and acetone, and then dried in a vacuum oven at 100˚C for 12 h. The dried silica was kept in a vacuum desiccator.
Preparation of chiral ligand-exchange stationary phase
The synthesis route is shown in Fig. 1 . Dried silica gel (5 g) was placed in a 250 mL three-neck round-bottom flask and heated up to 150˚C for 6 h. The mixture of β-ECTS (3.2 mL) and dried toluene (40 mL) was then drawn into the flask by vacuum.
After the slurry was agitated at a refluxing temperature in an oil bath for 8 -12 h, the bonded silica gel was filtered out and washed with toluene and methanol for several times, respectively, and then dried in vacuum at 100˚C for 6 h to obtain the intermediate product (I). A 100 mg/mL L-isoleucine solution was adjusted with Na2CO3 to pH 8.0, and this solution was reacted with intermediate product (I) for 48 h at room temperature. After the reaction, the bonded silica gel was filtered out and washed with water and acetone several times, respectively, and then dried in vacuum at 25˚C for 2 h to obtain the intermediate product (II). The final product (III) (EILE) was obtained by loading the Cu(II) to the intermediate product (II) with 15% CuSO4 for 24 h, and then washed with water for several times.
Column packing
The final product was packed into 200 × 4.6 mm i.d. stainless-steel columns using conventional high-pressure slurry techniques. 1,4-Dioxane/carbon tetrachloride (v/v = 2/1) and ethanol were used as packing solvent and displacement solvent, respectively.
Extraction of samples and partial purification of the extract
Selenized yeast power (0.3 g) and garlic power (1.0 g, rubbed in liquefy nitrogen) were extracted with 5.0 mL water in a polypropylene centrifuge tube and shaken in the dark for 24 h. The mixture was centrifuged and filtered (0.45 µm pore size), and finally adjusted to give 10 mL crude extract. The extract was fractioned by hydrophobic chromatography using ATSP column under water as mobile phase. The fractions were freeze-dried, and then gave 0.5 mL extract of SeMet for further chiral speciation.
Results and Discussion

Characterization and simple evaluation of EILE column
The results of elemental analysis for EILE are: C, 7.86%; H, 1.23%; N, 0.44%.
The chromatograms of some racemates of underivatized DLamino acids were shown in Fig. 2 . It can be seen that all of the amino acids were completely resolved, which demonstrated that the EILE column could be effectively used in the enantioseparations of DL-amino acids.
Optimization of the resolution of DL-SeMet
There are many factors, such as the contents of copper ion, methanol, pH value in mobile phase and the temperature of column, would affect the separation performance of DL-SeMet. In order to resolve the enantiomers as effective as possible, the factors mentioned above would be investigated in detail.
When there was no Cu 2+ in mobile phase, D-and L-SeMet were coeluted in 3.52 min, which demonstrated that the separation mechanism of DL-SeMet on EILE column was ligand-exchange mode. [31] [32] [33] As the content of Cu The proportion of methanol in mobile phase had little effect on the separation result of DL-SeMet. When the content of methanol increased from 0 to 10%, the retention time of D-and L-SeMet increased lightly and the resolution (Rs) decreased from 0.72 to 0.68, which means that methanol would not be favorable for resolving DL-SeMet. Thus there was no methanol in mobile phase in the following study.
The pH value played an important role in resolving DL-SeMet. It usually affected the charges of both analytes and stationary phases, as well as the interactions between the analytes and EILE, resulting in different enantioselectivity values. The effects of pH on resolving DL-SeMet are shown in Fig. 3 . It can be seen that at pH 5.5 and 6.0, DL-SeMet showed relatively high separation factors than at other pH values. Although higher separation factor could be obtained at pH 6.0, the migration times of the analyte was long, which may be caused by the interaction between unmodified silanol groups residing on the EILE and the analyte. Based on this consideration, pH 5.5 would be recommended.
The column temperature also affected the resolution of DLSeMet. It can be seen from Fig. 3b , with the increase of temperature, the separation factor (α) change little while the Rs increased from 1.05 at 25˚C to 1.18 at 35˚C to 1.21 at 50˚C. It may be that with the temperature increased, the opportunity of D-and L-SeMet entering the bonded layer of EILE to carry out ligand-exchang increased, which meant a good resolution could be obtained. However, considering the de-active effect of some biologic samples, such as DL-SeMet at high temperature, 35˚C was chosen for the further research.
In summary, the optimal conditions for the resolution of DLSeMet on the novel EILE column are: 0.1 mmol/L Cu 2+ at 0.05 mol/L KH2PO4 buffer (pH = 5.5) and 35˚C column temperature. Figure 4a shows the separation of DL-SeMet under the optimal conditions. Figure 4b depicts the chromatogram when the content of L-SeMet was 120-times higher than D-SeMet. It can be seen from the Fig. 3 that the separation result of DL-SeMet under the optimal conditions could meet the qualitative and quantitative demands of DL-SeMet.
Chiral speciation of DL-SeMet in selenized yeast and garlic
In order to reduce the interference of other amino acids in the extract of yeast and garlic when ligand-exchange process was performed, the extract obtained as described above was fractionated by hydrophobic chromatography on ATSP column. ATSP is more hydrophilic in the bonded layer than the conventional reverse stationary phase because of the existence of a polar group; amide in the bonded ligand. [34] [35] [36] Thus, the extract of yeast and garlic was fractionated under pure water as mobile phase (Fig. 5) . The fraction between 2.6 min and 3.0 min was collected to freeze-dry, and then gave 0.5 mL extract of SeMet for further chiral speciation.
The results of the chiral speciation of DL-SeMet in selenized yeast and garlic on the new EILE column under optimal conditions are shown in Figs. 6a and 6b, respectively. It can be seen from Fig. 6a that D-and L-SeMet existed in selenized yeast. The relative level of D-SeMet was calculated to be ca. 7.2% of the total DL-SeMet content based on the peak area, which is consistent with early reported results. 13, 16, 17 Limits of detection were estimated as being three-times the background signal; for D-and L-SeMet, they were 255 ppb and 286 ppb, respectively. The RSD of the peak area (n = 5) for D-and L-SeMet were 5.6% and 3.2%, respectively. The contents of D-and L-SeMet in the selenized yeast were determined by using standard addition for calibration (Fig. 6a) , and were found to be 2.5 mg/L and 32.6 mg/L. Only the L-enantiomer of SeMet could be detected in the fraction obtained from garlic (Fig. 6b) . The content for L-SeMet was 13.7 mg/L. No existence of D-SeMet may be because the content was too low to be detected by UV detector, or there is no D-enantiomer in the garlic. 
Conclusion
A new type of L-isoleucine type chiral ligand-exchange stationary phase was prepared by using β-(3,4-epoxycyclohexyl)ethyltrimethoxy silane as a coupler and Lisoleucine as selector. Some underivatized amino acids were successfully resolved on it. The chiral speciation of DL-SeMet in selenized yeast and garlic was performed first under the ligand-exchange mode using the novel column. The optimal conditions were obtained after investigation of the content of copper ion, methanol, the pH value in mobile phase and column temperature. The D-and L-enantiomers of DL-SeMet in selenized yeast were detected while only the L-enantiomer was detected in garlic under the optimal conditions. The novel method has been found to effectively enantioseparate selenoamino acids, such as SeMet and SeCys, which are very important to human health.
